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Abstract: This study evaluated the effect of surface conditioning methods and adhesive 
systems on the repair bond strength of resin composites. Specimens (FLS: Filtek LS) 
(N=144) were prepared using a silicone matrix. The specimens were stored in distilled 
water and then were randomly divided into the twelve groups (n=12) according to the 
surface conditioning method (unground or diamond bur) and adhesive system (no 
adhesive, LS: Filtek LS, AS: Adper Scotchbond SE Plus) and resin composite (FLS: 
Filtek LS; FS: Filtek Supreme). The specimens were fixed in an hourglass-shaped 
silicone matrix and the other half of the specimen was restored. Hourglass shaped 
specimens (n=12) were used as positive control to measure the cohesive strength of the 
resin composite (Filtek LS). Microtensile bond test was performed (0.5 mm/min) and 
failure types were analyzed. Data were analyzed using two-way ANOVA, Tukey’s and 
Dunnett’s tests (α=0.05). Adhesive protocol and resin composite significantly affected the 
results (p<0.05). For the FS composite, the highest results were obtained using LS 
adhesive with (18.4±7.7) and without (18.8±4.8) bur roughening. For FLS composite, the 
highest results were obtained using AS adhesive with (33.2±7.1) and without (25.7±3.6) 
bur roughening. Without the use of adhesive resin, significantly lower bond strength 
results were observed with both LS (5±2.1, 4.5±1.5) and FLS (2.2±1.2, 4.4±1.1) for 
unground and diamond bur roughened groups, respectively (p<0.0001). Cohesive 
strength of the FLS (52.3±7.6) was significantly higher than any of the repaired groups 
(p<0.0001). FS-LS combination and the groups repaired without adhesive  presented 
more adhesive (Type I) failures.  
 
Keywords: Adhesion, adhesive system, bond strength, resin composite, repair, silorane, 
surface conditioning 
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Introduction 
Silorane resin composites were introduced with the aim of reducing the polymerization 
shrinkage and decrease the shortcomings of methacrylate resin-based materials used for 
restorative procedures in dentistry [1]. The polymerization mechanism of silorane resin 
composites is based on photocationic ring opening being different than radical reaction 
present in methacrylate materials. Photocationic ring opening decreases polymerization 
shrinkage to almost 1% being significantly lower than methacrylate composites (4%) [2]. 
Resin composite materials used in restorative dentistry offers the advantage of repair 
approach that prolongs the service life of failed restorations [3-7]. Repair procedures are 
considered minimal invasive and economic solutions in restorative dentistry since 
replacement of old restorations yield to removal of sound dental tissues surrounding of 
the restoration due to the difficulty to distinguish the restoration margins from the cavity 
walls [8,9].   
For durable repair, surface conditioning methods, adhesive systems and the 
compatibility of the substrate and repair composite are crucial factors to consider. 
However, limited information is available on the repair potential of low shrinkage silorane 
composite and its compatibility with the methacrylate-based resin composite [10-15]. 
Typically the history and type of substrate resin composite material is not known when 
the failed restoration has been made by another clinician. Although previous studies have 
evaluated the silorane repair [10-15], none of them investigated the influence of other 
adhesives different than the silorane specific adhesive in combination with different 
surface conditioning methods and resin composites.  
The objectives of this study therefore were to evaluate the effect of the combination of 
surface conditioning methods, bonding agents, and resin composites on the repair bond 
strength of silorane and dimethacrylate based resin composites. The hypotheses tested 
were that a) the resin composite-adhesive resin combinations tested would not influence 
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the repair bond strength and that b) the repair bond strength of resin composite would be 
similar to the cohesive strength of the silorane composite. 
 
 
 
Materials and Methods 
Specimen preparation  
The types, brands, main chemical compositions, manufacturers and batch numbers of 
the materials used for the experiments are listed in Table 1.  
Specimens (N=144) were prepared using low-shrinkage resin composite (FLS: Filtek LS, 
3M ESPE, St. Paul, MN, USA, shade A2) with the help of silicone matrix that allowed a 
bonding area of 1 mm2 [16,17] (Fig. 1a). The specimens representing the restoration 
were prepared in an hourglass-shaped form so that the remaining half would serve for 
the repair (Figs. 1a-f).  
The silicone mould was filled with silorane resin composite, then covered with a Mylar 
strip and a microscope glass slab. In order to compress the material and prevent bubble 
formation, the glass was gently pressed and excess material was removed. The 
composite was polymerized for 40 s, according to the manufacturer’s recommendations, 
using a halogen photo-polymerization unit (Optilux 501, Sybron Kerr, Danbury, CT, USA) 
with light output of 650mW/cm², that was monitored by a radiometer (model 100, 
Demetron/Kerr, Danbury, CT, USA). The specimens were removed from the matrix and 
the area to be repaired was finished with abrasive discs (Soflex, 3M ESPE) to remove the 
oxygen-inhibited layer. The specimens were stored in distilled water at 37oC for 24 h 
[3,15].  
As positive control group, twelve hourglass-shaped specimens were prepared, to 
evaluate the cohesive strength of the silorane-based material, and compare the results 
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with those of the groups repaired with  different protocols. The half-hourglass-shaped 
specimens created were randomly distributed into twelve experimental groups (n=12) 
according to the surface conditoning methods and adhesive protocol used, as described 
in Table 2. 
Surface conditioning methods  
The entire bonding surfaces of the specimens in Groups 8-10 were roughened with a 
diamond bur (No. #3098, regular grit, KG Sorensen, Barueri, SP, Brazil) using a high-
speed handpiece under constant water-cooling.  
Specimens were repaired using a matrix with an hourglass-shape. The different 
adhesive protocols were performed on the confined area of the half-hourglass specimen 
in accordance with the manufacturer’s instructions as follows:  
Group LS: Primer was applied for 15 s, gently air-dried for 10 s and photo-polymerized 
for 10 s. The adhesive resin (Filtek LS Bond, 3M ESPE) was then applied one coat and 
photo-polymerized for 10 s.  
Group AS: Primer was applied for 20 s, gently air-dried for 10 s. The adhesive resin 
(Adper Scotchbond SE Plus, 3M ESPE) was then applied, gently air-dried and photo-
polymerized for 10 s.  
Group WA: In this group, no adhesive resin was used, acting as the control group. 
After surface conditioning and/or adhesive resin application, the specimens were 
positioned in the mould and half of them were repaired with dimethacrylate based (FLS: 
Filtek LS) and the other half with silorane based resin composite (FS: Filtek Supreme, 3M 
ESPE). 
Microtensile bond test 
The adhesive interface area was measured using a digital caliper. The specimens were 
fixed to the microtensile device coupled to the Universal Testing Machine (EMIC, São 
José dos Pinhais, PR, Brazil), using a cyanoacrylate-based adhesive (Super Bonder gel, 
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Loctite, São Paulo, SP, Brazil), in such way that the interface area was perpendicular to 
the long axis of the tensile force. The test was performed at a crosshead speed of 0.5 
mm/min until rupture of the interface. The microtensile bond strength values were 
obtained in kilogram-force (Kgf) and transformed into MPa (N/mm2). 
Failure analysis  
After the microtensile bond strength test, failure sites were evaluated using an optical 
microscope (x45, Meiji 2000, Meiji Techno, Saitama, Japan) and classified as follows: 
Type I: Adhesive failure at the interface; Type II: Mixed failure (a combination of more 
than one type of fracture); Type III: Cohesive failure in the substrate composite [3]. 
Statistical analysis 
Data were analyzed using a statistical software package (SPSS Software V.20, Chicago, 
IL, USA). Kolmogorov-Smirnov and Shapiro-Wilk tests were used to test normal 
distribution of the data. As the data were normally distributed, 2-way analysis of variance 
(ANOVA) and Dunnett’s tests were applied considering the factors of adhesive protocol 
(3 levels: LS, AS, WA) and resin composite (2 levels: FLS, FS). P<0.05 was considered 
to be statistically significant in all tests.  
 
Results 
Adhesive protocol and resin composite significantly affected the results (p<0.05). 
Interaction terms were also significant (p<0.0001).  
For the FS composite, the highest mean repair bond strength results were obtained 
using LS adhesive, with (18.4±7.7) and without (18.8±4.8) roughening with bur (Table 3). 
On the contrary, for FLS composite, the highest mean repair bond strength results were 
obtained using AS adhesive with (33.2±7.1) and without (25.7±3.6) roughening with bur.  
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Without the use of adhesive resin significantly lower bond strength results were 
observed with both LS (5±2.1, 4.5±1.5) and FLS (2.2±1.2, 4.4±1.1) for unground and 
diamond bur roughened groups, respectively (p<0.0001). 
Cohesive strength of the FLS (52.3±7.6) was significantly higher than any of the 
repaired groups (Dunnet Test, p<0.0001). 
FS-LS combination and the groups repaired without the use of adhesive resin presented 
more incidences of adhesive (Type I) failures (Fig. 2). Other groups showed mainly mixed 
(Type II) failures. 
 
Discussion 
The present study evaluated the effect of adhesion systems and resin composites with 
different monomeric compositions on the repair bond strength of silorane based resin 
material. The results obtained indicated that the repair bond strength was affected with 
the adhesion protocol, yielding to rejection of the first hypothesis. Due to the significantly 
high cohesive strength of the silorane resin composite and that none of the adhesion 
protocols tested was capable to generate similar bond results after repair, the second 
hypothesis could also be rejected.  
After the restorative procedures, due to trauma or fatigue, resin composites may 
present fractures. In this study, immediate repair situations were simulated. Thus, repair 
protocols were performed 24 h after the polymerization of the tested composite resins. 
Regarding the adhesive resins tested in combination with and without roughening, repair 
bond strength in FLS was compromised in combination with AS adhesive resin. The 
incompatibility between the systems is a possible explanation for these results. The 
adhesive AS is based on methacrylate monomers, being different to silorane resin 
composite that has the composition based on silorane monomer allowing for reduced 
shrinkage compared to the methacrylate systems [2]. The main component present in the 
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hydrophobic layer of FLS composite is the 2,2-bis-(4-(3-
methacryloxypropoxy)phenyl)propane. Despite the methacrylate group, the epoxy group 
seems to be essential to obtain an optimal bond between the adhesive resin and silorane 
resin composite. Consequently, the incompatibility between the adhesive resin and resin 
composite did not yield to co-polymerization and resulted in lower repair bond results. 
The bond results were corroborated by the failure pattern observed in these groups 
where high incidences of adhesive failures were observed, signifying weak methacrylate-
silorane interface.  
When LS adhesive resin was used, FLS composite had improved the repair bonding 
regardless of the surface roughening with the diamond bur. LS adhesive resin was also 
capable of promoting better repair strength when used in combination with FS resin 
composite which is methacrylate based. Since the main composition of LS adhesive resin 
is 2,2-bis-(4-(3-methacryloxypropoxy)phenyl)propane, it is compatible with the low 
shrinkage silorane resin evaluated. Apparently, the high concentrated component present 
in the bond agent of the silorane adhesive could promote adhesion to both silorane and 
methacrylate resins, possibly due to the methacrylate group present in the main 
compound of the adhesive resin [18].  
The surface conditioning with diamond bur roughening promoted better results using AS 
adhesive but when LS was used, the bond strength of roughened and unground groups 
were not significantly different. LS adhesive resin is a self-etch adhesive system that 
presents a hydrophilic photo-polymerized primer. This characteristic can possibly explain 
the obtained results since the interlocking with the grounded surface was achieved 
mainly by an agent with significantly reduced mechanical properties compared to the 
hydrophobic agent of the same system [19]. Similar results were observed in a previous 
study using only the primer of LS compared to repairs using only the adhesive resin of 
this system [10]. On other hand, AS is a conventional two-steps self-etching adhesive 
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resin and the interface is therefore based on a hydrophobic agent mixed with a low 
amount of the primer into the micro retentions promoted by the diamond bur. This 
approach evidently allowed for stronger intermediate layer, justifying the better results 
obtained for this protocol. These results corroborate the findings of previous studies that 
demonstrated that the combination of surface conditioning and the use of dimethacrylate 
adhesive resin can promote adhesion of resin composites to silorane substrate [5,20,21]. 
The results of this study clearly indicated that the use of adhesive resin was crucial in 
order improve repair strength of the resin composites tested. The intermediate adhesive 
layer promotes wettability of the surface, increasing the chemical interaction and 
interlocking between the surfaces and thus, improving the bonding. Due to the high 
viscosity of the resins evaluated, the interaction between the new and pre-polymerized 
resin composite was less favorable, resulting in lower values of repair bond compared to 
the cohesive strength, where AS combined with FLS resin composite resulted in the 
lowest repair bond strength as a result of adhesive-composite incompatibility. Failure 
types supported the bond results in that exclusively adhesive failures were observed in 
the groups without the application of adhesive resin.  
Despite high bond strength values obtained with most of the repair protocols, none of 
the procedures performed promoted similar values compared to that of the cohesive 
strength of the silorane composite (positive control). The results obtained corroborate 
previous studies demonstrating reduced repair bond strength compared to the cohesive 
strength of the silorane resin composite [21,22].  
The present study evaluated the effect of combination of resin composite, adhesive 
system, and surface conditioning on the repair bond strength of silorane composite, 
differing from previous studies [10,15,18,23,24]. The results demonstrated that the 
combination of surface conditioning with a bur, followed by application of methacrylate-
based adhesive resin could be advised for the repair of silorane resin composite. 
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Previous studies for the repair of resin composites employed air-particle abrasion 
protocols followed by silanization and adhesive resin application [25-29]. In fact, chairside 
particle abrasion devices add to the costs of the armamentarium. Thus, surface 
roughening with diamond bur and using adhesive resins would make the repair 
applications more cost effective, however their clinical reliability needs to be verified. 
 
Conclusions 
From this study, the following could be concluded: 
1. The best repair protocol for the silorane composite was using diamond bur followed 
by the application of dimethacrylate based adhesive and resin composite. 
2. The use of the self-etching methacrylate-based adhesive promoted repair bond 
strength for silorane composite. 
3. Surface roughening with diamond bur was effective to improve the repair bond 
strength when Adper Scotchbond SE Plus dimethacrylate adhesive resin was used but 
no additional effect was observed for Filtek LS adhesive resin. 
4. None of the adhesion protocols promoted repair bond to the level of cohesive 
strength of the silorane material. 
 
Clinical Relevance 
When repair is required for silorane composite restorations, roughening the surface to be 
repaired with diamond bur and subsequent application of two-step self-etch 
dimethacrylate adhesive resin (Adper Scotchbond SE Plus) with methacrylate based 
resin composite could be advised. 
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Captions to figures and tales: 
Tables: 
Table 1 The brands, types, manufacturers and chemical compositions of the main 
materials used in this study. bis-GMA: bisphenol-A glycidyldimethacrylate; HEMA: 2-
hydroxyethylmethacrylate; CQ: camphorquinone; EDMAB: ethyl4-
dimethylaminobenzoate; DHEPT: dihydroxyethyl p-toluidine; UDMA: diurethane 
dimethacrylate; TEGDMA: triethylene glycol dimethacrylate; TMPTMA: 
trimethylolpropane triimethacrylate; bis-EMA6: bisphenol A polyethylene glycol 
diether dimethacrilate. 
Table 2 Experimental and control groups according to the adhesive protocol and resin 
material used. FLS: Filtek LS Bond; FS: Filtek Supreme; LS: Filtek LS Bond; AS:  
Adper Scotchbond SE Plus; WA: Without adhesive. 
Table 3 Means (Standard Deviation) of the repair bond strength of resin composites 
after various adhesion protocols. Different capital letters indicate statistical significant 
difference within each row, different lowercase letters indicate significant differences 
within each column. *Statistical difference between the experimental groups and 
positive control (Dunnet’s Test; α=0.05). See Table 2 for group abbreviations. 
 
Figures:  
Figs. 1a-f The schematic representation of the specimens prepared in an hourglass-
shape that received either no surface conditioning or surface roughening with a 
diamond bur.  
Fig. 2 Distribution of failure types per group. Type I: Adhesive failure at the interface; 
Type 2: Mixed failure (a combination of more than one type of fracture); Type III: 
Cohesive failure in the substrate composite. See Table 2 for group descriptions.  
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Tables: 
 
Brands Type Manufacturer Chemical Composition 
Filtek LS 
Resin composite 
3M ESPE, St. Paul, 
MN, USA 
Silane treated quartz, 
3,4epoxycyclohexylcyclopolymethylsiloxan
e; bis-3,4 epoxycyclohexylethylphenyl-
methylsilane, Yttrium Trifuoride 
Filtek Supreme 
Resin composite 
3M ESPE 
Silane treated ceramic, silane treated 
silica, UDMA, bis-GMA, TEGDMA, 
EDMAB, CQ, BisEMA6 
 
Filtek LS 
Adhesive System  
P90 PRIMER 
 
 
 
Two-step,  
self-etch adhesive 
 
 
 
3M ESPE 
Bis-GMA, HEMA, water, ethanol, silane 
treated silica filler, CQ, phosphoric acid-
methacryloxy-hexylesters mixture, 
phosphorylated methacrylates, copolymer 
of acrylic and itaconic acid, phosphine 
oxide 
Filtek LS 
Adhesive system  
P90 BOND 
2,2-bis-(4-(3-
methacryloxypropoxy)phenyl)propane , 
phosphorylated methacrylates, TEGDMA, 
silane treated silica, CQ, stabilizers 
 
Adper 
Scotchbond SE 
Plus 
 
Two-step,  
self-etch adhesive 3M ESPE 
PRIMER: Water and HEMA. 
BOND: TEGDMA, HEMA, EDMAB, CQ, 
UDMA, TMPTMA, Di-HEMA 
PHOSPHATES,  
 
Table 1 The brands, types, manufacturers and chemical compositions of the main materials used in this study. bis-
GMA: bisphenol-A glycidyldimethacrylate; HEMA: 2-hydroxyethylmethacrylate; CQ: camphorquinone; EDMAB: ethyl4-
dimethylaminobenzoate; DHEPT: dihydroxyethyl p-toluidine; UDMA: diurethane dimethacrylate; TEGDMA: triethylene 
glycol dimethacrylate; TMPTMA: trimethylolpropane triimethacrylate; bis-EMA6: bisphenol A polyethylene glycol 
diether dimethacrilate. 
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Groups Surface Conditioning  Adhesive System Resin of repair 
1 --- WA FLS 
2 Unground WA FLS 
3 Unground WA FS 
4 Unground LS FLS 
5 Unground LS FS 
6 Unground AS FLS 
7 Unground AS FS 
8 Diamond Bur WA FLS 
9 Diamond Bur WA FS 
10 Diamond Bur LS FLS 
11 Diamond Bur LS FS 
12 Diamond Bur AS  FLS 
13 Diamond Bur AS FS 
 
Table 2 Experimental and control groups according to the adhesive protocol and resin material 
used. FLS: Filtek LS Bond; FS: Filtek Supreme; LS: Filtek LS Bond; AS:  Adper Scotchbond 
SE Plus; WA: Without adhesive. 
 
  Resin Composite 
  FS FLS 
Unground-LS 18.8 (4.8) Aa 22.9 (4.6) Ab 
Unground-AS 8.0 (3.0) Bbc 25.7 (3.6) Aab 
Unground-WA 5.0 (2.1) Ac 2.2 (1.2) Ac 
Diamond Bur-LS 18.4 (7.7) Aa 22.5 (7.0) Ab 
Diamond Bur-AS 11.0 (2.2) Bb 33.2 (7.1) Aa 
Diamond Bur-WA 4.5 (1.5) Ac 4.4 (1.1) Ac 
  Control 52.3 (7.6)* 
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Table 3 Means (Standard Deviation) of the repair bond strength of resin composites after various 
adhesion protocols. Different capital letters indicate statistical significant difference within each row, 
different lowercase letters indicate significant differences within each column. *Statistical difference 
between the experimental groups and positive control (Dunnet’s Test; α=0.05). See Table 2 for group 
abbreviations. 
Figures: 
 
 
 
Figs. 1a-f The schematic representation of the specimens prepared in an hourglass-shape that received 
either no surface conditioning or surface roughening with a diamond bur.  
 
 
 
Fig. 2 Distribution of failure types per group. Type I: Adhesive failure at the interface; Type 2: Mixed 
failure (a combination of more than one type of fracture); Type III: Cohesive failure in the substrate 
composite. See Table 2 for group descriptions.  
 
 
 
